Introduction
============

Primary optic nerve sheath meningioma (PONSM) is a proliferation of meningothelial cells within the nerve sheath of the orbital or intracanalicular portion of the optic nerve. The classic diagnostic triad includes slowly progressive, painless monocular visual loss, optic atrophy, and optociliary shunt vessels. Although PONSM accounts for one-third of primary optic nerve tumors, it is not common in patients younger than 20 years of age, and represents less than 5% of all cases of PONSM.[@b1-imcrj-8-159] The authors report the clinical presentation, treatment, and visual outcome in two cases of pediatric PONSM.

Case reports
============

Case 1
------

A 12-year-old boy presented with painless, gradual loss of his right vision over 2 months. His past history and family history were unremarkable. Ocular examination revealed visual acuity of counting fingers in his right eye and 20/20 in his left eye. The right eye showed 2 mm of proptosis and marked limitation of extraocular movement in all directions ([Figure 1](#f1-imcrj-8-159){ref-type="fig"}). Anterior segment examination was unremarkable in both eyes. Neither Lisch nodules nor cataract was detected. There was a right relative afferent pupillary defect. Fundus examination showed generalized, marked optic disc edema with optociliary shunt vessels in the right eye ([Figure 2A](#f2-imcrj-8-159){ref-type="fig"}). Systemic evaluation revealed multiple plexiform neurofibromas in both hands ([Figure 3](#f3-imcrj-8-159){ref-type="fig"}) and one café-au-lait spot on his trunk. Magnetic resonance imaging (MRI) of orbit and brain revealed diffuse enlargement and contrast enhancement along the length of the right intraorbital optic nerve sheath consistent with an optic nerve sheath meningioma ([Figure 4](#f4-imcrj-8-159){ref-type="fig"}). There were an en plaque meningioma along left anterior temporal convexity, a falcine meningioma, and multiple schwannomas of bilateral cranial nerves V, VI, VII, VIII, IX, and XI, and spinal nerve roots ([Figure 5](#f5-imcrj-8-159){ref-type="fig"}). The child was diagnosed with definite neurofibromatosis type 2 (NF-2). He received fractionated stereotactic radiotherapy; a total dose of 50 Gy was given in 1.8 Gy daily fractions. The child's vision remained stable over 6 months of follow-up, and no significant, short-term side effects of radiation were observed.

Case 2
------

A 10-year-old boy presented with gradually progressive and painless proptosis in his left eye for 2 years. His past history and family history were unremarkable. Ocular examination revealed visual acuity of 20/20 in his right eye and 20/25 in his left eye. The left eye showed 4 mm of proptosis and marked limitation of extraocular movement in all directions. Anterior segment examination was unremarkable in both eyes. Neither Lisch nodules nor cataract was detected. There was a left relative afferent pupillary defect. Fundus examination showed generalized, marked optic disc edema with optociliary shunt vessels in the left eye ([Figure 2B](#f2-imcrj-8-159){ref-type="fig"}). General physical examination was unremarkable. MRI of orbit and brain revealed a large, enhancing intraconal mass at the left orbit along the optic nerve sheath extending from the posterior globe to the orbital apex and surrounding the non-enhancing optic nerve ([Figure 6](#f6-imcrj-8-159){ref-type="fig"}). There were no other brain abnormalities. Incisional biopsy via transconjunctival approach was performed in order to confirm the diagnosis. The pathological result was consistent with optic nerve sheath meningioma. Conservative treatment was recommended at that time. Six months later, his left vision rapidly deteriorated to 20/200. The child subsequently received stereotactic radiotherapy; a total dose of 50 Gy was given in 1.8 Gy daily fractions. Over 15 years of follow-up, his left vision had gradually decreased to 5/200, and the right vision remained stable. Left fundus examination showed generalized optic atrophy, gliosis, and optociliary shunt vessels. There was no evidence of radiographic progression of the tumor.

Discussion
==========

Unlike adult patients, pediatric PONSM is very rare and has some distinct clinical features ([Table 1](#t1-imcrj-8-159){ref-type="table"}) including more frequent association with neurofibromatosis, worse presenting visual acuity, and higher incidence of intracranial extension. Visual loss is the most common (80%) initial presenting symptom in both groups as well as lacking tumor-related mortality.[@b1-imcrj-8-159],[@b2-imcrj-8-159] The sex distribution of PONSM appears to be similar in adults and children with a female predominance. In contrary, both cases in our report were male. Most cases of pediatric PONSM in previous reports presented with visual acuity of 20/200 or worse.[@b1-imcrj-8-159],[@b3-imcrj-8-159]--[@b5-imcrj-8-159] Our first case similarly presented with visual acuity of counting fingers. Although the second case had good acuity at the initial presentation, his vision rapidly deteriorated to 20/200 within 6 months. This finding supports the aggressive behavior of pediatric PONSM and high risk of progressive visual decline.[@b1-imcrj-8-159],[@b6-imcrj-8-159] Observation without treatment should be followed with caution. Proptosis is the second most common (68%) presenting symptom.[@b1-imcrj-8-159] It usually follows the visual loss but can be the initial manifestation alone as shown in our second case. The optic disc findings may be either edema or atrophic depending on the duration of optic nerve compression. The presence of optociliary shunt vessels previously was found in 28% of patients.[@b1-imcrj-8-159] The optic disc findings in our two cases initially showed edema and subsequently became atrophic with persistent shunt vessels. The association of meningioma with NF-2 has been well established. The incidence of NF-2 in pediatric PONSM is greater than adult PONSM.[@b1-imcrj-8-159] In one large study, there were 35% of pediatric PONSM patients having concomitant diagnosis of NF-2.[@b1-imcrj-8-159] One of our cases (50%) was associated with NF-2, supported by the presence of bilateral vestibular schwannomas.[@b3-imcrj-8-159] PONSM in childhood should be considered as one of the initial manifestations of NF-2. MRI is sufficient to confirm the diagnosis of PONSM, thus obviating the need for tissue biopsy.[@b6-imcrj-8-159] However, according to the rarity of this tumor in children and its aggressive nature, we decided to perform the incisional biopsy in our second case. Although stereotactic radiotherapy is the treatment of choice for adult PONSM,[@b6-imcrj-8-159] the application of this treatment in pediatric cases is controversial. The radiation risk particularly to the cortical and hypothalamic--pituitary system, especially in the developing child, is a major concern. There have been only a few cases reported with short-term follow-up.[@b7-imcrj-8-159]--[@b9-imcrj-8-159] Pitz et al reported a case of a 13-year-old boy who had pre-radiation visual acuity of counting fingers and vision subsequently improved to 20/200 with no progression of tumor at 37-month follow-up.[@b7-imcrj-8-159] Arvold et al reported a case of an 11-year-old girl who underwent stereotactic radiotherapy and had stable visual outcome and tumor control at 14-month follow-up.[@b8-imcrj-8-159] The youngest patient who received stereotactic radiotherapy was 9 years old, but the radiation side effects were difficult to determine due to only 1-month follow-up.[@b9-imcrj-8-159] Interestingly, we present a long-term result, 15-year follow-up, after radiation in the second case. Radiotherapy effectively stabilized the child's vision and tumor progression. No significant side effects of radiation including local dermatologic changes, radiation retinopathy, or secondary intracranial malignancy were observed. Other optional treatments include close observation throughout the course of the disease and surgical resection of the tumor from the sheath, though the latter may injure pial vessels, which may compromise the blood flow of the intraorbital optic nerve.[@b1-imcrj-8-159] Although young patients tend to develop intracranial extension of the tumor, we did not find the extension of the tumor in our cases at any point of the disease.

Conclusion
==========

PONSM should be included in the differential diagnosis of primary optic nerve tumor in children in spite of its rarity. Once the diagnosis of pediatric PONSM is made, the search for evidence of NF-2 is crucial. Pediatric PONSM seems to have aggressive clinical behavior with rapid decline and poor visual outcome. Stereotactic radiotherapy in selected cases is shown to be effective in long-term tumor growth control and has no serious complications.
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![Marked limitation of extraocular movement in all directions of the right eye.](imcrj-8-159Fig1){#f1-imcrj-8-159}

![Fundus photograph showing generalized optic disc edema with optociliary shunt vessels (black arrows) in case 1 (**A**) and case 2 (**B**).](imcrj-8-159Fig2){#f2-imcrj-8-159}

![Multiple plexiform neurofibromas in both hands of case 1.](imcrj-8-159Fig3){#f3-imcrj-8-159}

![MRI of orbit (case 1). (**A**) Axial T1-weighted, (**B**) axial T1-weighted with gadolinium injection, and (**C**) coronal T1-weighted with gadolinium injection showing diffuse enlargement and contrast enhancement of the right intraorbital optic nerve sheath.\
**Abbreviation:** MRI, magnetic resonance imaging.](imcrj-8-159Fig4){#f4-imcrj-8-159}

![Bilateral vestibular schwannomas (white arrows) at bilateral cerebellopontine angle extending to bilateral expanded internal acoustic canal (case 1).](imcrj-8-159Fig5){#f5-imcrj-8-159}

![MRI of orbit (case 2).\
**Note:** (**A**) Axial T1-weighted, (**B**) axial T1-weighted with gadolinium injection, and (**C**) coronal T1-weighted with gadolinium injection showing a large, global-shaped, isointense T1 mass with vivid contrast enhancement surrounding the left intraorbital optic nerve.\
**Abbreviation:** MRI, magnetic resonance imaging.](imcrj-8-159Fig6){#f6-imcrj-8-159}

###### 

Comparison of demographic and clinical features between pediatric PONSM and all ages of PONSM

                                       Pediatric PONSM[@b1-imcrj-8-159]   All ages of PONSM[@b2-imcrj-8-159]
  ------------------------------------ ---------------------------------- --------------------------------------------------------------
  Number of patients                   53                                 498
  Age (years), range (mean)            3--19 (NA)                         2.5--78 (42.5) (only 4% of patients aged less than 20 years)
  Sex, female:male ratio               1.55:1                             1.56:1
  Association with neurofibromatosis   35%                                9%
  Common presenting symptoms           Visual loss (80%)                  Visual loss (96%)
                                       Proptosis (68%)                    Proptosis (59%)
  Initial visual acuity                20/20--20/40 (35%)                 20/20--20/40 (45%)
                                       20/60--20/400 (15%)                20/60--20/400 (31%)
                                       Hand motion or worse (50%)         Counting fingers or worse (24%)
  Optociliary shunt vessels            28%                                30%
  Intracranial extension               44%                                20%
  Tumor-related mortality              0%                                 0%

**Abbreviations:** PONSM, primary optic nerve sheath meningioma; NA, not available.
